Sixty crossbred pigs (Large White x Landrace) were used in a 2 x 2 x 2 factorial experiment to investigate the effects of gender (intact males vs females) and strain (A vs B) on the response to exogenous porcine growth hormone @GH) administration (0 [excipienttreated] vs .1 mg pGH.kg live weighrl-d-l). All pigs had ad libitum access to their diet; pGH was administered daily from 60 to 90 kg live weight. All aspects of growth performance and body composition were affected to different degrees by gender and pGH. Strain A pigs had a higher capacity for protein accretion, superior growth performance and contained less fat in the eviscerated carcass and empty body compared with Strain B pigs. Within each strain, intact males ate more feed, had a higher rate of protein deposition and exhibited faster and leaner growth than females. Exogenous pGH administration increased average protein deposition and growth rate by 84 and 34%, respectively, and reduced average feed intake, fat deposition rate, feed:gain and carcass fat content by 14, 59, 37 and 33%. respectively. The magnitude of the changes in growth performance, tissue accretion rates and body composition elicited by pGH were independent of strain. However, within each strain the improvement in feedgain and reduction in carcass fat measurements elicited by pGH were proportionately larger for females than for intact males.
exogenous pGH administration during growth in the pig remains unclear.
Females and castrated males are more responsive in protein deposition to exogenous pGH administration than intact males are; pGH eliminated the effect of animal gender on growth performance and carcass composition (Campbell et al., 1989) . However, further information is required to q u a n m the upper limits to protein accretion and to elucidate the extent that this limit is determined by genotype. This information may provide insight into the role of the endocrine system in determining maximal protein accretion rates and the relevance of pGH technology for pig breeds and strains that differ in growth velocity. Therefore, the present experiment was conducted to investigate the response to pGH administration of male and female pigs from two commercial strains with inherently different growth capacities between 60 and 90 kg live weight.
Materials and Methods
Sixty crossbred (Large White x Landrace) pigs, 15 intact males and 15 females, of two strains were used in the experiment. To obtain information on initial body composition, three intact males and three females of each strain were killed at 60 kg. The remaining 48 pigs were allocated within breed and gender at the same weight to two treatments, control or pGH, to form a 2 x 2 x 2 factorial design. The respective factors were strain (A and B), gender (intact male and female) and exogenous pGH administration (0, control, and .1 mg pituitary pGH.kg-'.d-l).
The strain A pigs used in the experiment were from a fast growing commercial genotype established at our Institute in 1982 from a 6,OOO-s0w commercial unit in which pigs have been selected for more than 12 yr on the basis of growth rate with ad libitum access to feed.
Strain B pigs were representative of a slower growing commercial genotype and were from the Institute's 75-sow experimental herd. Quantitative information on the relative protein deposition capacities and growth and carcass traits of the two strains has been published previously (Campbell and Taverner, 1988) .
Pigs were kept in individual pens and had ad libitum access to their diet (Table 1) from the start of the experiment at 60 kg until they achieved 90 kg live weight. The diet was formulated to contain 3.5 Mcal DEkg and 1.25% lysine. The DE of the diet was determined in a metabolism experiment involving six intact male pigs of 65 kg live weight. The lysine content of the diet was calculated from lysine analyses of the individual ingredients.
The pituitaryderived pGH (USDA-pGH-B-1) was obtained from USDA Animal Hormone Program. To satisfy Australian quarantine regulations, the pGH was subjected to gamma irradiation (2.5 megarads) before use. To investigate the effect of irradiation on the biological activity of the hormone, nonirradiated and irradiated samples of the pGH were compared in a double antibody radioimmunoassay and also in a rat growth bioassay.
The results of the radioimmunoassay showed that the binding capacity of the pGH was unaffected by irradiation and that both the irradiated and non-irradiated material had a higher binding capacity than USDA-5OOO pGH, which is used as a standard in our laboratory. The results of the hypophysectomized rat growth assay also showed that the biological activity of the pGH was unaffected by irradiation. Based on the pGH standard used in the rat bioassay, the potency of the irradiated material used in the present experiment was 1.43 IU/mg.
The pGH was weighed out each morning, solubilized in a bicarbonate buffer, pH 9.4 (Chung et al., 1985) at 4.0 m g / d and administered between 0730 and 0800 by i.m. injection into the extensor muscles of the neck. Control pigs were injected daily with an equivalent volume of buffer solution. Pigs were weighed weekly and each pig's daily injection volume for the following week was adjusted accordingly. At 90 kg BW blood samples were collected from each pig by venipuncture immediately before (0 h) and 3 h after administration of pGH or buffer solution.
The blood was centrifuged and the plasma was analyzed for pGH, insulin-like growth factor I (IGF-I) and other hormones and metabolites. Detailed analyses of plasma hormone and metabolite concentrations will be presented elsewhere. Plasma GH concentrations are given in the present paper because of the necessity to relate them to observed changes in performance parameters. Plasma GH was determined in a double antibody radioimmunoassay using the procedures given by Johnson (1988) , modified such that recombinant-de- rived porcine GH was used as radiolabeled antigen and standards were from a pituitary source (pGH, USDA-Bl). Serial dilutions of a pig plasma pool and carbonate buffer extracts of porcine anterior pituitaries were parallel with the standard curve; the sensitivity of the assay was .3 to .5 ng/tube. Antisera to pGH was provided by the USDA2 and has been described by Steele et al. (1985) . Each pig was killed the morning after receiving its final injection of pGH or buffer solution (90 f .9 kg). Immediately after slaughter selected organs were removed and weighed and the contents of the gastrointestinal tract were removed and discarded. The empty gastrointestinal tract was weighed and stored along with the internal organs at -2o'C. The right side of each carcass was hung overnight at 4'C and standard measurements of length and midline fat measurements were made the following morning. The area of the longissimus muscle exposed at the level of the were measured. The right side of each carcass and frozen gut and internal organs were prepared and analyzed for protein, water, fat and ash according to the methods of Campbell et al. (1985) . The results were analyzed statistically using a factorial analysis of variance by the GEN-STAT program. The factors genotype, gender and pGH dose were included in the model to evaluate growth performance and body and carcass composition. Time after pGH administration was an additional factor to evaluate plasma pGH concentration.
Results
Growth Performance and Carcass Characteristics. Individual treatment means for growth and carcass characteristics are given in Tables 2 and 3, respectively. Plasma pGH concentrations also are given in Table 2 . There were interactions noted (P < .05) between the 
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aAverage fat thickness measured over the shoulder, at the level of the last rib and over the rump. %at thiclmess measured 65 mm from the midline at the level of the last rib. 'Area of the longissimus muscle exposed at the level of the last rib. dMeasured at the level of b e last rib. 'See Table 2. effects of gender and pGH for the fedgain ratio, skin thickness, average backfat thichess and fat thickness measured at the P2 position.
There were no significant strain x gender, strain x pGH or strain x gender x pGH interactions for any measures of growth or for any of the carcass traits.
Plasma GH was higher (P < .05) for strain B than for strain A pigs (25.2 vs 20.6 ng/ml; SEM = 1.08) and as expected was elevated by pGH when measured 3 h after administration. The similarity in plasma GH levels for control and pGH-treated pigs measured immediately before pGH administration (0 h) shows, however, that the increase in plasma GH elicited by hormone admjnistration was only transient.
Strain A pigs and intact males g e w faster, had a lower fedgain ratio and produced lighter carcasses with lower fat measurements at 90 kg live weight than strain B pigs and females. Intact males also ate more feed and had thicker skin than females did Exogenous pGH administration reduced feed intake, feed: gain ratio, carcass weight and carcass fat measurements but increased growth rate, carcass length, loin eye muscle area and skin thickness. The improvement in feed:gain ratio caused by pGH was more pronounced in females than in intact males; pGH administration eliminated the differences in carcass fat measurements between the genders. The magnitude of the increase in skin thickness elicited by pGH was more pronounced in intact males (67%) than in females (50%).
Carcass and Body Composition. Except for interactions (P c .05) between the effects of gender and pGH for carcass water and between strain and pGH for ash, only the main effects were significant (Table 4) . Strain A pigs and intact males contained more water and protein and less fat in the carcass and empty body than strain B pigs and females. Strain A pigs also contained more ash in the carcass than strain B pigs, but this difference was eliminated by pGH. Exogenous pGH administration also reduced carcass and body fat by 34% and increased the proportions of protein and water contained in the carcass and empty body by 14 and 16% respectively. The increase in carcass .o 1
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'See Table 2. water elicited by pGH was larger for females than for intact males. The deposition rates for the chemical components of the empty body and the fat: protein ratio (FPR) of empty body weight gain are presented in Table 5 . There were no interactions between the different factors assessed for the rates of deposition of any of the chemical components of the empty body. However, there was a significant gender x pGH interaction (P < .05) for FPR. The deposition rates of protein, water and ash were higher for strain A than for strain B pigs and, within each strain, intact males deposited protein and water at faster rates than females did. The rate of fat deposition was unaffected by strain or gender but was reduced 59% by pGH. Growth hormone administration increased the rates of deposition of protein, water and ash by 84, 107 and 46%, respectively. The FF'R was lower for strain A pigs than for strain B pigs and lower for intact males than for females. The difference between the genders, however, was eliminated by pGH, which reduced average FPR by 83%.
The weights of selected organs are given in Table 6 . There was a significant gender x pGH interaction (P < .05) for the weights of all organs measured and a significant strain x pGH (P < .OS) and strain x gender x pGH interaction (P < .01) for the weight of the liver and heart, respectively. Exogenous pGH administration increased the weights of all organs; heart weight was higher for intact males than for females. The increase in liver weight elicited by pGH was more pronounced in strain B pigs than in strain A pigs. The increase in the weights of the liver and empty gastrointestinal tract induced by pGH were higher for females than for intact males; heart weight was largely unaffected by pGH in strain A intact males but was increased proporrionately more in strain B females than in their intact male counterparts.
Dlscusslon
The differences in growth performance and body composition found between the two strains used in the present experiment were in the same direction but slightly smaller in magnitude than those repofied previously (Campbell and Taverner, 1988) In both experiments, the faster and more efficient growth exhibited by strain A pigs was directly related to their higher capacity for protein accretion, which in the present experiment was 27% higher than for strain B pigs. .o 1 .
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'See Table 2 .
The present results showed that the marked improvements in growth rate and feed:gain ratio elicited by pGH administration were associated with stimulation of protein depsition which, averaged over all pig types, was increased 84% by pGH. However, the increase in protein deposition induced by pGH was independent of genotype. Consequently, the considerable advantages in terms of growth performance and carcass merit exhibited by strain A pigs compared to strain B were maintained with pGH treatment (Tables 2, 3 and 4). The inherent difference in capacity for protein growth between strains was associated with a factor or factors other than endogenous GH secretion, which was evidenced by the similarity in plasma IGF-I levels of the two strains (Johnson and Campbell, 1989; unpublished data) and the fact that plasma GH for control pigs was higher for the slower growing strain (strain B) than for the faster growing Strain.
Muscle fiber number is related positively to protein deposition in growing animals (Campbell and Dunkin, 1983a,b; Hentges et al., 1983) . With conventional selection techniques, genetic improvement in growth may be associated with an increase in primary muscle fiber number, which is determined at birth and consequently would be a major factor constraining the upper level of protein accretion able to be achieved by different strains and genotypes treated with pGH. We currently are investigating the relationship between primary muscle fiber number and capacity for protein deposition during growth in the pig. The interactions found between animal, gender and pGH, particularly for feed:gain ratio and carcass fat measurements, were similar to those reported by Campbell et al. (1989) . However, in contrast to those earlier results, both control and pGH-treated females in the present experiment ate less feed than their intact male counterparts and, because of their lower energy intakes, females did not attain the same level of protein accretion or growth rate as intact males when both sexes were treated with pGH. Although pGH administration eliminated the marked differences in carcass fat thickness between the genders, females treated with pGH still contained more fat in the eviscerated carcass than their intact male counterparts. The similar fat:protein ratio of empty body weight gain exhibited between 60 and 90 kg by females and intact males treated with pGH demonstrates that the differences in carcass fat content at 90 kg was a reflection of concomitant differences between the genders at 60 kg. Nevertheless, the results for carcass fat content and carcass fat thickness indicate that pGH administration affected the distribution of carcass fat differently in f e males than in intact males.
The lighter carcass weight exhibited at 90 kg body weight induced by pGH compared with control counterparts is consistent with the findings of Grebner et al. (1987) and Campbell et al. (1989) . Differences in carcass weight at 90 kg live weight found between the two sexes and between the two strains in the present experiment also are consistent with those reported between the respective genders by Holmes et al. (1980) and between fast and slower growing strains by Campbell and Taverner (1988) . In all the above comparisons, the decline in carcass weight was associated with increased organ weights in the faster growing animals, which is indicative of an inverse relationship between protein growth potential and physiological maturity. The finding that pGH administration effectively eliminated differences between strain and gender in the weights of the heart and liver suggests that the size of these organs is a function of metabolic activity. However, it is not possible from this experiment to determine whether the increase in organ weights induced by pGH was in response to the marked changes in protein and lipid metabolism elicited by the hormone or to a more direct effect of pGH on the hyperplasic growth of these two organs. The results for carcass characteristics also indicate a degree of synergism between the male sex hormones and pGH on the growth and development of skin, because control intact males had thicker skin and exhibited a proportionately larger increase in skin thickness in response to pGH administration than females did.
The differences in body fat content found between the two sexes and two strains were similar to those reported previously by Campbell et al. (1989) and Campbell and Taverner (1988) . The marked reduction in body fat elicited by pGH administration also was consistent with previous studies (Boyd et al., 1986; Etherton et al., 1986; McLaren et al., 1987; Campbell et al., , 1989 . The present results showed that the differences in body fat content between the two sexes and between the two strains were not necessarily associated with concomitant differences in the rates of fat deposition. Instead, they were related to the differences in protein deposition and consequent differences in the fat:protein ratio of empty body weight gained between 60 and 90 kg body weight.
The reduction in body fat content induced by pGH was associated with the combined effects of the hormone stimulating protein and inhibiting fat deposition which decreased the fat:protein of empty body weight gain by 80% to levels generally observed only in pigs during the early stages of postnatal growth (Campbell and Dunkin, 1983b) . The reduction in fat deposition elicited by pGH presumably was at least partly associated with the actions of the hormone on voluntary feed intake and protein deposition, because both these changes would reduce the amount of energy available for lipogenesis. Growth hormone, however, also acts in a more direct manner to inhibit lipogenesis by reducing both the insulin sensitivity of adipose tissue Walton et al., 1987) and the activity of key lipogenic enzymes (Margri et al., 1987) ; the marked reduction in fat deposition observed in pigs administered pGH results
